**Research Highlights**

(1)We performed a bibliometric analysis of published studies on stem cell transplantation for treating Duchenne muscular dystrophy from 2002 to 2011 retrieved from Web of Science.(2)We analyzed the distributions according to institutions in China and according to institutions that cooperated with Chinese institutions to provide information on the research status in China.(3)We analyzed the most-cited articles from 2002 to 2006 and from 2007 to 2011 to identify changes in research focus regarding the use of stem cell transplantation for Duchenne muscular dystrophy over the past 10 years.

INTRODUCTION {#sec1-1}
============

Duchenne muscular dystrophy is an inherited myopathy involving skeletal muscle and myocardium, and is the commonest neurogenetic disorder\[[@ref1][@ref2]\]. Duchenne muscular dystrophy is a neuromuscular, X-linked recessive condition, in which mutation of the dystrophin gene leads to complete or partial lack of dystrophin protein on the myolemma\[[@ref3]\]. Becker muscular dystrophy differs from Duchenne muscular dystrophy because of different spatial structural changes and functional incapacitation of the dystrophin protein. Duchenne muscular dystrophy is a serious condition with a poor prognosis, while Becker muscular dystrophy is a milder condition and has a more favorable prognosis\[[@ref4][@ref5]\].

Duchenne muscular dystrophy is known to result from a lack of dystrophin in the muscle. Dystrophin is a cytoskeletal protein expressed on the surface of the endochylema of the sarcolemma in skeletal muscle, cardiac muscle, smooth muscle and brain\[[@ref6]\]. Dystrophin protein is encoded by a gene located on chromosome Xp2l. The dystrophin gene is one of the largest known genes, containing 79 exons. About 60% of dystrophin gene mutations are deletions, while the other 40% involve mutations other than deletions. These mutations alter the structure and function of the encoded dystrophin protein, leading to Duchenne muscular dystrophy\[[@ref7]\].

Treatments, including symptomatic, supportive, drug, physical and orthopedic treatments, can improve the patient\'s condition but cannot effectively prevent disease progression. However, gene therapy and stem cell transplantation are expected to become effective treatments for patients with Duchenne muscular dystrophy. Many recent studies have used stem cell transplantation to treat Duchenne muscular dystrophy in a rat model, with improvements in pathology, physiology, biochemistry, dystrophin expression and motor function\[[@ref8]\].

Stem cell transplantation for Duchenne muscular dystrophy may involve bone marrow stromal cells, hematopoietic stem cells, or muscle stem cells. Myofibers are polynucleated megacells without the capacity to differentiate, while normal stem cells contains the normal dystrophin gene, and can further differentiate into osteoblasts, cartilage cells, adipose cells and even sarcoblasts in the appropriate nutritive media. The aim of stem cell transplantation is to generate functional dystrophin protein.

In this study, we analyzed the research trends in stem cell transplantation for treating Duchenne muscular dystrophy, based on a bibliometric analysis of papers in Web of Science from 2002 to 2011\[[@ref2]\].

DATA SOURCES AND METHODOLOGY {#sec1-2}
============================

Data retrieval {#sec2-1}
--------------

This study used bibliometric analyses to quantitatively and qualitatively investigate research trends in studies of stem cell transplantation for treating Duchenne muscular dystrophy. We searched Web of Science, a research database of publications and citations selected and evaluated by the Institute for Scientific Information in Philadelphia, PA, USA, using the key words "duchenne muscular dystrophy" "Duchenne muscular dystrophy" and "stem cell". We limited the period of publication from 2002 to 2011 and compiled a bibliography of all articles related to stem cell transplantation for Duchenne muscular dystrophy. We downloaded the data on June 1^st^, 2012.

Inclusion criteria {#sec2-2}
------------------

The inclusion criteria were as follows: (1) published peer-reviewed articles on the use of stem cell transplantation for treating Duchenne muscular dystrophy, including original research articles, reviews, meeting abstracts, proceedings papers, book chapters, editorial material, and news items, which were indexed in Web of Science; (2) year of publication 2002--2011; and (3) citation database was Science Citation Index Expanded.

Exclusion criteria {#sec2-3}
------------------

We excluded articles that required manual searching or telephone access, documents that were not published in the public domain, and a number of corrected papers from the total number of articles analyzed.

The outcomes of all articles referring to the use of stem cell transplantation for treating Duchenne muscular dystrophy were assessed using the following criteria. (a) Annual publication output on stem cell transplantation for Duchenne muscular dystrophy included in Web of Science from 2002 to 2011. (b) Publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 according to subject areas. (c) Publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 according to journals. (d) Publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 according to country. (e) Publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 by institution. (f) Distribution of publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 by institution in China. (g) Distribution of publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 by institutions that cooperated with Chinese institutions. (h) Most-cited papers on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2006. (i) Most-cited papers on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2007 to 2011.

RESULTS {#sec1-3}
=======

Annual publication output relating to stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 ([Figure 1](#F1){ref-type="fig"}) {#sec2-4}
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

![Annual number of publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011.](NRR-7-1744-g001){#F1}

A total of 318 publications on stem cell transplantation for Duchenne muscular dystrophy were retrieved from Web of Science from 2002 to 2011. The number of relevant publications gradually increased over the 10-year study period. Seventeen papers were published and included in Web of Science in 2002, but the number of published papers had increased to 55 in 2010. However, there were slight decreases in the numbers of papers published in 2003, 2008 and 2011.

Distribution of subject areas in publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 ([Table 1](#T1){ref-type="table"}) {#sec2-5}
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Top 10 subject areas for publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011

![](NRR-7-1744-g002)

As shown in [Table 1](#T1){ref-type="table"}, among the subject categories related to stem cell transplantation for Duchenne muscular dystrophy from 2002 to 2011, most studies (105 papers) were in the field of cell biology, which accounted for 33.019%. The second-highest number of studies (86 papers, 27.044%) was in the field of research/experimental medicine. And in the field of biotechnology/applied microbiology, genetics/heredity and biochemistry/molecular biology, more than 50 papers on stem cell transplantation for Duchenne muscular dystrophy were published.

Distribution of output according to journal for publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 ([Table 2](#T2){ref-type="table"}) {#sec2-6}
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Top 10 journals selected on the basis of number of publications on stem cell transplantation for Duchenne muscular dystrophy between 2002 and 2011

![](NRR-7-1744-g003)

As shown in [Table 2](#T2){ref-type="table"}, *Molecular Therapy* published 21 papers, followed by *Neuromuscular Disorders*, *PLoS One* and *Human Gene Therapy*, which published 12, 10 and 8 papers, respectively. The other six top journals are *Gene Therapy*, *Human Molecular Genetics*, *Journal of Clinical Investigation*, *Muscle & Nerve*, *Stem Cells* and *Expert Opinion on Biological Therapy*.

Of the top 10 journals, seven journals were from the USA and another three journals were from the UK.

*Molecular Therapy* is the monthly publication of the American Society of Gene Therapy. The publisher is Nature Publishing Group in USA. It publishes 230 papers in 12 issues per year.

*Neuromuscular Disorders* is an international, multidisciplinary journal, which covers all aspects of neuromuscular disorders. The publisher is Pergamon-Elsevier Science ltd in USA. It publishes 78 papers in 12 issues per year.

*PLoS One* is published by the Public Library of Science (PLoS), a nonprofit organization in USA. It publishes 13 781 papers per year.

*Human Gene Therapy* is a journal covering all aspects of human gene therapy. The publisher is Mary Ann Liebert inc in USA. It publishes 145 papers in 18 issues per year.

Distribution of output according to country and institution for publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 (Figures [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}) {#sec2-7}
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

![The top 10 countries publishing papers on stem cell transplantation for Duchenne muscular dystrophy from 2002 to 2011.](NRR-7-1744-g004){#F2}

![The top 10 institutes publishing papers on stem cell transplantation for Duchenne muscular dystrophy from 2002 to 2011.](NRR-7-1744-g005){#F3}

The analysis of the contributions of different countries/states to publications was based on journal articles in which the address and affiliation of at least one author were provided. A total of 318 articles were analyzed according to country and institution.

From [Figure 2](#F2){ref-type="fig"}, it is clear that most papers on stem cell transplantation for Duchenne muscular dystrophy were published in the USA (124 papers), followed by Italy (44 papers) and the UK (37 papers). China published 17 papers, ranking 7^th^. The other prolific countries are Japan, Canada, France, Australia, Germany and Brazil.

From [Figure 3](#F3){ref-type="fig"}, the University of Pittsburgh, University of Milan and University of Washington were the most prolific research institutes. Five of the top 10 research institutes publishing in this field were in the USA, two were in Italy, and one institute each was in Australia, Canada and France.

Distribution according to institutions in China for publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 ([Table 3](#T3){ref-type="table"}) {#sec2-8}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

As shown in [Table 3](#T3){ref-type="table"}, Sun Yat-Sen University was the most prolific research institute in China regarding the publication of papers on stem cells transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011. Sun Yat-Sen University published seven papers.

###### 

The top 10 Chinese institutes publishing papers on stem cell transplantation for Duchenne muscular dystrophy from 2002 to 2011

![](NRR-7-1744-g006)

But we found that the number of papers published by Chinese institutions was still very few.

Distribution according to overseas institutions that cooperated with Chinese institutions for publications on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 {#sec2-9}
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

As shown in [Table 4](#T4){ref-type="table"}, most institutions that cooperated with Chinese institutions on stem cells transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2011 were from Japan and Germany. The National Institute of Child Health and Human Development in Japan published two papers after cooperated with Chinese institutions. However, the international cooperation with China in the field of stem cell transplantation for Duchenne muscular dystrophy has been rare to date.

###### 

The top 10 overseas institutions that cooperated with Chinese institutions regarding publications on stem cell transplantation for Duchenne muscular dystrophy from 2002 to 2011

![](NRR-7-1744-g007)

Highly-cited papers on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2002 to 2006 ([Table 5](#T5){ref-type="table"}) {#sec2-10}
-------------------------------------------------------------------------------------------------------------------------------------------------------

A total of 105 papers on stem cell transplantation for Duchenne muscular dystrophy were cited in Web of Science from 2002 to 2006. Most of the 15 most-cited papers were about different kinds of stem cell transplantation for muscle regeneration. The stem cells used were muscle stem cells, mesoangioblast stem cells, mesenchymal stem cells, adipose-derived stem cells, hematopoietic stem cell, and embryonic stem cells. Most of the studies were based on animal experiments. The paper "Cellular and molecular regulation of muscle regeneration"\[[@ref9]\] published in 2004 was cited 696 times, which was more times than any other paper. It was published by the journal *Physiological Reviews*.

###### 

The top 10 highly-cited papers on stem cell transplantation for Duchenne muscular dystrophy from 2002 to 2006

![](NRR-7-1744-g008)

Of the 15 most-cited papers, two were published in *Journal of Cell Biology*, another two were published in *Journal of Clinical Investigation*, and the remaining 11 were published in 11 different journals.

Of the 15 most-cited papers, there were five published in 2004. In 2002 and 2005, there were three top-cited papers published. And in 2003 and 2006, there was two top-cited papers published.

Highly-cited papers on stem cell transplantation for Duchenne muscular dystrophy in Web of Science from 2007 to 2011 ([Table 6](#T6){ref-type="table"}) {#sec2-11}
-------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

The top 10 highly-cited papers on stem cell transplantation for Duchenne muscular dystrophy from 2007 to 2011

![](NRR-7-1744-g009)

A total of 213 papers on stem cell transplantation for Duchenne muscular dystrophy were cited in Web of Science from 2007 to 2011. Most of the 15 most-cited papers were about new techniques of stem cell transplantation for treating Duchenne muscular dystrophy. The paper "Disease-specific induced pluripotent stem cells"\[[@ref24]\] published in 2008 was cited 563 times, which was more times than any other paper. It was published by the journal *Cell*.

Of the 15 most-cited papers, two were published in *Cell*, two were published in *Molecular Therapy*, another two were published in *Journal of Clinical Investigation*, and the remaining nine papers were published in nine different journals.

Of the 15 most-cited papers, nine were published in 2007. In 2008, there were three top-cited papers published. And in 2010, there was three top-cited papers published too.

DISCUSSION {#sec1-4}
==========

This bibliometric analysis based on Web of Science identified several research trends in studies of stem cell transplantation for Duchenne muscular dystrophy over the past 10 years. Of the 318 publications retrieved from Web of Science from 2002 to 2011, almost half derived from American authors and institutes. The number of publications gradually increased over the 10-year study period. Most papers appeared in journals with a focus on gene and molecular research, such as *Molecular Therapy*, *Neuromuscular Disorders*, and *PLoS One*.

From 2002 to 2006, the 10 most-cited papers were mostly about different kinds of stem cell transplantation for muscle regeneration, while from 2007 to 2011, the 10 most-cited papers were mostly about new techniques of stem cell transplantation for Duchenne muscular dystrophy.

It must be remembered that that technology relating to stem cell transplantation for treating Duchenne muscular dystrophy is still immature. While the aim of stem cell transplantation is to generate functional dystrophin protein, Duchenne muscular dystrophy patients lack dystrophin before treatment, and normal dystrophin generated after treatment may thus be recognized by the immune system and cause immune responses\[[@ref39][@ref40][@ref41]\].

Nonetheless, stem cell therapy represents a ground- breaking treatment that could provide an effective clinical treatment for patients with Duchenne muscular dystrophy, if the relevant technologies can be improved. The technologies required for the cultivation, purification and isolation of embryonic stem cells are gradually maturing, and because the transplanted cells do not get rejected by the recipient\'s immune system, no immunosuppressive agents are necessary\[[@ref42]\]. However, the ability of this technique to increase dystrophin gene expression and thus improve muscle function remains to be determined, and considerable research is still required. Gradual improvements in the antenatal diagnosis of Duchenne muscular dystrophy can also reduce the chance of giving birth to affected individuals, and may thus further increase the opportunities for eradicating the occurrence of Duchenne muscular dystrophy.
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